Introduction
Need for Assessment of Motivation. ABET accreditation of undergraduate engineering degree programs 1 requires engineering educators to assess and document the achievement of student learning outcomes. Assessments also provide educators and students feedback upon which to improve learning 2 . Assessments that provide students and teachers insights into student thinking can help to guide feedback to refine and deepen understanding 3 .
Affective attributes such as motivation, self-efficacy, and self-determination significantly influence productivity 4 . The importance of affective development to productivity highlights the critical need to assess affective development in engineering programs, which often do not focus on affect and motivations.
Over the past few decades, employers have expressed concerns about the preparation of graduates for the workforce 5, 6, 7, 8 . Concerns are not as much about technical capabilities, but about less well-developed personal attributes in engineering graduates. The recent Transforming Undergraduate Engineering Education study highlights 15 important areas of knowledge, skill, and ability, many of which are professional or personal attributes 9 . Subsequent examination of the importance of the capabilities to capstone design courses has identified five that could be targeted for development in capstone courses 10 : teamwork, motivation, communication, critical thinking, and curiosity/continuous learning.
Non-cognitive indicators are important in engineering, both for students and professionals in the workplace. Studies show that academic self-efficacy and achievement motivation are better predictors of college cumulative GPA than pre-college test scores and GPA 11 . Aspirations that motivate students to obtain an engineering degree include inventing something, making a difference in the world (especially for female students), and financial security 12 . Engineering student team effectiveness is strongest when team members are motivated by a need for achievement, and only marginally by a need for affiliation with teammates 13 . Engineers in the workplace are motivated by money (its value and suggested rating), recognition for achievement, responsibility, challenge of the work, and opportunity for growth 14 . On the other hand, demotivation can result from supervision, work organization, bureaucratic controls and authority systems, and unfairness.
Motivation is crucial in engineering education due to its influence on student productivity, importance in the workplace, and impacts on teams in capstone courses. Although a number of instruments are available for assessing aspects of motivation, instruments are not designed for or validated for the context of team projects in capstone design courses. A motivation assessment for this context must meet requirements of students, faculty, and prospective employers of students in these courses. High time demands on students, expectations of meeting needs of multiple stakeholders, open-endedness of projects, and diverse personal desires of team members approaching graduation are all factors that make capstone contexts unique. A validated assessment for motivation in capstone project courses would equip faculty to guide and assess the development of student motivation. These assessments could inform students about their own and teammates' motivation and support the monitoring and improvement of productive motivation. An effective assessment could support better motivated students and better prepared future employees.
Outline for Paper
This paper describes work of a National Science Foundation-funded project team at The Ohio State University developing and beginning validation of the Motivation in Team Projects (MTP) assessment for use in capstone design courses. The project team first created a conceptual set of assessments (conceptual design) through reviews of literature, motivation construct development for capstone project courses, and initial item selection. Conferring with stakeholders (educators, researchers, industry representatives, and students), the team obtained feedback and specific recommendations for improvement. Next the team created prototype assessments and began small-scale pilot administration to capstone design project students in multiple departments at Ohio State. Analysis of student responses is guiding subsequent refinement of instruments for broader testing at multiple institutions that can strengthen instrument validity.
Motivation Constructs
A review of literature affords a foundation for selecting constructs for motivation in capstone design projects. First, we consider motivation and its influences on attitudes, learning, and productivity. Then we examine constructs that are suitable for assessing students' motivation in capstone design project environments.
Motivation and Learning. Motivation is a physical or psychological drive to obtain the means to satisfy one's needs for existence, relatedness, and growth 15 . People's beliefs about their ability to exercise control over events that affect their lives are major factors in their motivation, affect, and action. People actively influence their motivations based on how they handle their goals and expectations of achieving them 4 . Self-efficacy beliefs influence the level of goals they set, the strength of their commitments to the goals, and their behaviors to achieve the goals. People's self-efficacy beliefs determine their level of motivation, as reflected in how much effort they exert in an endeavor and how long they persevere in the face of obstacles. People's beliefs in their capabilities affect how much stress and depression they experience in threatening or taxing situations, as well as their level of motivation. People tend to avoid activities and situations they believe exceed their coping capabilities, but they readily undertake challenging activities and select social environments they judge themselves capable of handling 4 .
The Expectancy Value Theory (EVT) of motivation argues that a person's expectations of obtaining a specific goal and the value ascribed to that goal drive motivation towards a specific activity or domain 16, 17 . Motivators in EVT are interest (value in gains from experience), attainment (value in importance of its success), utility (value in its usefulness), and cost (loss of alternatives, perceived effort, and anxiety due to involvement in it).
The Self-Determination Theory (SDT) defines how intrinsic and extrinsic motivation influence people's volition and initiative, well-being, and quality of performance. Conditions supporting a person's experience of autonomy, competence, and relatedness foster the most volitional and high-quality forms of motivation, engagement, performance, persistence, and creativity 18 .
Stages of Development.
Within the context of a capstone design course, motivation may be considered as a form of affective development described by affective development taxonomies 19 . At low levels, a learner may give selected attention, discuss, respond to, comply in responding to, or may even find satisfaction in participation. At intermediate levels, the learner may attach value to the attribute, accept or commit to the attribute, internalize values associated with the attribute, or prioritize and organize a value system that incorporates the attribute. At higher levels, the learner internalizes the value system so that it controls his or her behavior, follows through with predictable and consistent behavior, and makes these affective-driven behaviors characteristic and pervasive in personal, social, and emotional adjustments.
Evidence suggests that appropriate learning experiences help to develop affective values and behaviors 19 . Valuing something involves accepting a value, showing preference for the value, and then committing to the value. Throughout this process, the individual initially associates value with a behavior, and then begins to engage in that behavior, until becoming fully motivated to act out the behavior in everyday life 16 .
Existing Motivation Assessments. A number of established assessment instruments exist with constructs related to motivation. The Motivated Strategies for Learning Questionnaire (MSLQ), developed to measure learning strategies and academic motivation used by college students, identifies motivation constructs for extrinsic motivation, intrinsic motivation, self-efficacy, task value, and control expectancy 20 The Intrinsic Motivation Inventory (IMI), a multidimensional measurement to assess students' subjective experience in laboratory experiments, includes constructs for attainment, utility, and interest 21 .
McCord and Matusovich compiled motivation-related constructs from many sources when developing an instrument for motivation and conceptual change in thermodynamics 22 . Table 1 shows a selection from their compilation of constructs that relate to capstone projects. Assessment Categories and Item Selection. Assessment content must span vital components of motivation found in capstone project courses. To identify these components, the project team defined motivation-related performances expected in capstone projects, specifically as they relate to six components of the MSLQ, as shown in Table 2 . These performances offer examples of identifiable thinking and visible actions that might be evidence of these motivation components.
Table 2. MSLQ Components that can be Present in Projects Component Performances of Self-Drive and Motivation in Capstone Intrinsic Goal Orientation
Perceived reasons for participating in capstone design course activities initiate from within. Driven by desires for a challenge, to satisfy personal curiosities, or to achieve desirable mastery. Participation in capstone, by itself, will bring personal satisfaction.
Extrinsic Goal Orientation
Perceived reasons for participating in capstone design activities are grades, rewards, performance, evaluation by others, and competition. Participation in activities is a means to an end. Participation is driven by secondary results arising from participation.
Task Value
Participation in tasks based on student evaluation of how interesting, how important, and how useful the task is. Learning is driven by perceptions of value to be gained from learning: satisfying interests, learning what is important, and being able to do what has utility.
Control Expectancy
Beliefs that one's own efforts to learn will result in positive learning outcomes. The student's own efforts, not teachers' or peers', are the main factor in learning and performing as is desired.
Self-Efficacy Expectancy
Beliefs that desired task performance can be achieved for two reasons: one has the ability (access, resources, time) to accomplish the task and one has the skills to perform that task. Task Anxiety Student worry or negative thoughts about a performance or preoccupation by distracting thoughts that raise emotional stress and negatively affect performance.
Motivation in Team Projects Construct.
A construct for Motivation in Team Projects (MTP) is derived from constructs used in other motivation assessments, as well as special considerations for capstone projects in engineering. Students' attitudes, behaviors, and proactive management or development of motivations are the three principal elements of this construct. (See Figure 1 ).
Figure 1. Construct for Motivation in Team Projects (MTP) Assessment
Student attitudes are influenced by the project they are assigned, team of which they are a member, capstone classes in which enrolled, and personal values. Characteristics of the project, its potential costs and benefits to the student and others, and the likelihood of successful completion are all factors. The team make-up and the student's relationships with teammates will also influence member attitudes. The course requirements on the student, factors that affect grades, and course resources supporting project success can affect students' attitudes. Finally, the student's personal values related to what is important, what is enjoyable, and what learning and growth are desired will influence how these other factors shape his or her attitudes.
Students' behaviors will reflect their motivations. Students' attitudes will motivate or demotivate the extent to which they exhibit desired behaviors: performing as a member of the team and investing to achieve project goals. Students' behaviors will be evident to teammates and to others, providing opportunities for gathering data from which to infer motivations.
Students' development of beneficial motivations is important. Throughout a project, students will have opportunities to manage their motivations, and then passively or actively change their attitudes and behaviors. Their efforts and achievements in developing constructive motivations are important indicators of their level of motivational learning achievement.
Each of these three elements of motivation is used in the conceptual design of the Motivation in Team Projects assessment. The first step is creating a conceptual design of the MTP assessment to fit requirements defined earlier and the construct for Motivation in Team Projects assessment.
Motivational Attitudes.
Students' attitudes about their project, teammates, course requirements, outcomes of their work, and many other factors will affect their project motivations. Any student may simultaneously experience several attitudes about the project or any other factor influencing his or her project work. Because the extent to which attitudes become internalized (become intrinsic) typically shows affective development, a range of attitudes from extrinsic to intrinsic is desirable to show a range of motivational attitude development in students.
The project team identified eight statements of motivational attitudes commonly heard from or about students to include in the conceptual MTP assessment. Table 3 lists these statements, identifies them with attitudinal factors, and maps them to motivation components from the MSLQ to show that they span intrinsic to extrinsic motivations. The conceptual MTP attitudes assessment probes students' motivational attitudes by asking them to select from among this list attitudes that describe their feelings toward their project. Results will identify predominant factors and measure the balance of their motivations between intrinsic and extrinsic. Motivational Behaviors. In project environments, motivations often reveal themselves in students' behaviors. In their project work, motivation-related behaviors may appear in teamwork, project work acceptance and completion, or independent actions to develop oneself.
The project team identified from industry and classroom experience five types of project-related behaviors indicative of students' motivations: work quality and quantity, supervision required, effect on team, taking initiative, and self-development. Work quality and quantity is evidence of motivation for project outcomes that may include work products or personal development. Required supervision will reflect motivation for personal independence and possibly obligations to teammates or other project stakeholders. Effect on team reflects the student's interpersonal relationships or attitudes toward the team and project that can affect others' attitudes. Taking initiative is indicative of a student's personal values and commitment to achieving success, even when facing obstacles. Self-development may stem from obligations to the team or project stakeholders or may be driven wholly by one's commitments to personal goals. Table 4 presents descriptions of these five behaviors envisioned at low (1) and high (5) levels of motivation. The conceptual MTP behaviors assessment provides students a rubric of this nature with five levels, and students are asked to identify the level corresponding to their (or peers' for peer assessment) behaviors in the project context. Motivational Development. A student's intentional development of motivations often results from project situations that reveal needs for more fruitful motivations. A student first recognizes the opportunity or need for motivational change, takes responsibility, identifies a plan, and acts to achieve desired change. The student chooses to take no action, takes limited action, or fully engages in motivational development.
The project team defined a conceptual assessment for motivational development based on the assumption that every student will experience challenges to motivation in their project. The development rubric (shown in Table 5 ) has three levels derived from an affective development taxonomy. The conceptual MTP development assessment asks students to:
1. Identify a motivational challenge encountered in your project. 2. Describe actions taken to address the motivational challenge and their impacts on your motivation. 3. Identify from the rubric the level of motivational development that you demonstrated in your actions. Table 6 . Motivational attitudes assessed at the start and end of the project will reveal changes over the project. Behaviors self-rated four times and peer-rated twice will prompt change and provide a basis for checking different perspectives. Motivational development is assessed three times formatively to prompt thinking about taking action, and assessed summatively at the end of the project to document achievements. First, the project external Advisory Board (three engineering educators who teach capstone design courses and two industry representatives who sponsor capstone projects) met with the project team to review the instrument development process and the conceptual instruments. The Advisory Board supported the effort to assess motivation, noting its importance to engineering and its widespread neglect as a learning outcome in capstone courses. They judged attitudes, behaviors, and development of motivation as important dimensions for assessment. They suggested question rewording, cautions on student self-scoring, considering assessment methods used in industry, and using personal interviews to gain understanding of student responses.
Second, project leaders conducted a workshop with over 25 participants at the 2016 Capstone Design Conference. Attendees, primarily capstone course instructors, encouraged assessment of motivation in capstone courses. They suggested wording and presentation revisions for items, addressed timing of administration, questioned "good" vs. "bad" motivation, clarified how to interpret results, and offered suggestions for reporting findings.
Third, project leaders invited design educators attending the 2016 Annual Conference of the American Society for Engineering Education (ASEE) to provide feedback on conceptual assessments for student motivation in capstone project courses. Five educators participated in focused discussions of the motivation assessments. They indicated strong interest and possible collaboration on the assessment of motivation in engineering students. Suggestions included:
 Overall, start early in the project with simpler items, use formative assessments to grow self-awareness, and move toward higher level items later.  Four assessment administrations is too many and may be too disruptive to projects.  Look into self-determination theory for different insights about motivation.  When assessing attitudes, include more choices, prevent overlap of items, and avoid implying order or importance of items; allow students to choose more than one.  In the behavior rubric, use even number of levels; make rubric wording positive and action oriented; and use formative single-point rubrics to elicit informative responses.
Overall, feedback from external reviewers confirmed the importance of motivation assessments and supported a specification that included attitudes, behaviors, and development over the project duration. Suggestions guided revision of assessment specification and assessment items.
Prototype MTP Assessment
A prototype Motivation in Team Projects assessment was created by revising the MTP concept according to stakeholder feedback and additional literature research.
Assessment Specification. The project team revised the assessment specification as shown in Table 7 for the MTP prototype administered in a 2-semester project. Motivational attitude is assessed at the start of the project, midpoint of the project, and end of the project-enabling tracking of attitudinal changes over the project. Motivational behaviors are assessed twice using a formative single-point rubric, which reveals students' perceptions of their behaviors. Selfand peer-assessment of behaviors on a multi-point rubric at mid-project and end-of-project will show different perceptions of a student's behaviors and behavioral changes over time. Using only a summative self-assessment of motivational development at end-of-project examines a student's perceptions of his or her motivations, actions to manage motivations, and recognized impacts of motivational development. The prototype MTP assessment benefits from formative assessment and summative assessment over the project duration. Motivational Attitudes. Attitudes in the prototype MTP are expanded from the earlier list to better represent the breadth of the Motivation in Team Projects construct. Table 8 shows the sixteen attitude statements with categorizations that identify a causal factor and the intrinsic or extrinsic nature of the motivation. Approximately half of the attitudes tend toward intrinsic and half toward extrinsic motivations. New items give attention to: (2) benefiting stakeholders, (5) fulfilling obligations, (8) generating commercial value, (9) applying learning, (12) developing team effectiveness, and (13) demonstrating leadership. Desire to learn (intrinsic) 2. I have a desire to benefit other people through outputs from my project.
Desire to contribute (intrinsic)
3. I need to fulfill my capstone requirements for graduation. Desired project benefits (extrinsic) 4. I want this project experience to be a strong entry for my resume.
Desired project benefits (extrinsic) 5. I want to work as a team in developing a design solution.
Desired relationships (intrinsic) 6. I see this project as a worthwhile personal challenge.
Enjoyment of challenge (intrinsic) 7. I want to earn others' recognition and appreciation for my contributions.
Desired recognition (extrinsic)
8. I want to create a product of commercial value. Desired project benefits (extrinsic) 9. I am eager to apply my learning to a real-world problem.
Desired experience (intrinsic) 10. I want to accomplish work that shows my abilities to others.
Desired project benefits (extrinsic) 11. I want to prove my leadership abilities to others.
Desired project benefits (extrinsic) 12. I am eager to invest myself in a project about which I am passionate.
Desired experience (intrinsic) 13 . Doing well in this project is a way to gain visibility with our client. Desired project benefits (extrinsic) 14. It is important to me that I receive good grades in this class.
Desired benefits (extrinsic) 15. I hope to create intellectual property of commercial value.
Desired project benefits (extrinsic) 16 . It important to me that I fulfill my obligations to team and client.
Desired achievement (intrinsic)
In the MTP prototype assessment of motivational attitudes, students are asked to select from the list of sixteen attitudes all that describe them at the time of assessment administration. Then students are asked to arrange the selected items in priority order according to dominance in the project environment. Student responses from the start and end of the project provide a picture of dominant attitudes and reveal how they may have changed over the project duration.
Motivational Behaviors. The motivational behavior components were revised to include both formative and summative assessment in the prototype MTP assessment. For formative assessment at midpoints of semesters, a single-point rubric prompts student thought and documents performance relative to proficiency. Table 9 gives a description of proficiency for each of five behaviors. The student is asked for each behavior to respond to one of the following:
a.
If not yet proficient, describe steps needed for you to reach proficiency, or b. If proficient, describe performances that give evidence of your proficiency.
Students indicate how they believe their behaviors compare to proficiency. In written responses, they clarify their understanding of proficiency. When they see gaps, they consider how to make changes to achieve proficiency-a desired output of formative assessment. In response to stakeholder feedback, the summative rubric has four levels to prevent students from simply selecting the central level. (See Table 10 .) Students use this rubric to score their own and teammates' behaviors at the end of the first and second semesters of their projects. Students are asked to respond to the following questions:
1. Over the duration of your project, what has been your greatest motivational challenge (what threatened to seriously demotivate you) and how did it threaten to demotivate you? 2. Describe how you overcame a serious motivational threat (perhaps as noted in 1) and managed to remain motivated. 3. Using the rubric below (Table 11 ), indicate in each row the description (cell) that best describes your awareness of and management of motivational threats in this project. Pilot Testing Process. Pilot testing of the prototype Motivation in Team Projects assessment commenced in August 2016 to further validation. Six capstone design instructors in five different departments at The Ohio State University administered the MTP in their project classes. One capstone was one semester in length, while all others were two semesters. Class sizes ranged from 17 to 135, with teams being single discipline in some and multidisciplinary in others. Project sources varied across instructor-initiated, government or industry-sponsored, professional organization-sponsored, and student-initiated. Project focuses included research-driven, community service, design competition, and entrepreneurial product development. Table 12 summarizes characteristics of classes participating in pilot testing of MTP assessments. In preparation for testing, each assessment instrument was implemented in a Qualtrics 23 survey format that is completed by students online. Instruments administered at the same time were combined into one Qualtrics survey. Instructors were given written instructions describing:
 Information for introducing the assessment to students  Human subjects instructions to be shared with students  The URL for students in this class to access for completing the assessment Research Questions. Student responses to assessment questions are captured by Qualtrics in files with a unique URL for each class to which administered. Initial data analysis has been conducted to address the following research questions that affect instrument validity: Participation. Student participation in completing assessments was quite varied among class and component of the prototype MTP assessment. Table 13 shows student completion rates ranging from a low of 17% to a high of 94%. In general, higher completion rates occurred in the first (attitude) component of the prototype MTP, which seems reasonable because the attitude component was the first "assessment interruption" experienced by these students. Smaller classes showed higher completion rates, explained by smaller student-faculty ratio and closer relationships between students and the instructor who asked them to complete the assessment.
Lower completion rates are seen in most classes participating in the second (behavior) component, but higher completion rates occurred in two classes where instructors gave greater encouragement to complete surveys. The single-semester class showed lower completion rates than other classes, probably due to having three interruptions in a single semester and a very large class size. In all, student completion rates appear to be a challenge for the MTP assessments, requiring that instructors incentivize completion if high rates are to be achieved. Attitudes. Figure 2 shows numbers of students from five classes (A, B, C, D, E, F) who selected each attitude in the assessment. Most frequently selected was learn and grow expertise, picked by 162 (89% of 182) students. Over 75% of students chose apply learning to real problems, fulfill capstone requirements, and fulfill obligations to others. Since all attitudes were chosen by at least 30% of the students, and only three students chose other, the 16 attitudes in the assessment are judged to be representative of student attitudes toward capstone projects. Figure 3 shows for classes A, B, C, D, E, and F attitudes students identified among their top-3. Learn and grow experience was by far the most frequent inclusion in the top-3 and is among the top-3 for over 60% of students in every class. This might be expected because the capstone class typically develops expertise most authentic to the engineering profession. Apply learning to real problems was in the top-3 for over 25% of students in every class. Desire to benefit others was in the top-3 for over 20% of students in every class. The next most common in the top-3 are fulfill capstone requirement, strong entry for resume, and fulfill my obligations. Over 40% of students in classes C and F identified apply learning to real problems in their top-3. This makes sense because these classes bring either biological sciences or business into project experiences, giving students the opportunity to learn how to apply non-engineering learning to engineering design. In classes C and D, over 40% of students identified desire to benefit others in their top-3 attitudes; this fits biomedical engineering and integrated systems engineering, which seek to produce products for people outside a single discipline. Only in the integrated business and engineering class (F) did 30% of students identify create product of commercial value among their top-3 attitudes, consistent with students enrolled in this class.
Figure 3. Attitudes Students Selected as their Top 3 in Capstone Projects
What is the balance between students' intrinsic and extrinsic motivations as represented by their top-3 attitudes? The project team classified each attitude as intrinsic (I) or extrinsic (E) based on where they are referenced in motivation constructs (see Table 8 ). In order of frequency among top-3 attitudes, they are: learn and grow expertise (I), apply learning to real problems (I), desire to benefit others (I), fulfill capstone requirement (E), strong entry for resume (E), fulfill my Interestingly, six of the ten attitudes most selected as top-3 are intrinsic, and the three most selected in top-3 are intrinsic. Figure 4 shows the breakdown of intrinsic and extrinsic attitude selections by class at the start of class projects. In every class, over 50% of top-3 selections are attitudes considered intrinsic, and collectively over 65% of selections are intrinsic. The lowest percentage intrinsic occurred in class B, focused on chemical and biomolecular engineering projects. The highest percentage intrinsic occurred in classes C and D, where projects were either biomedical or integrated systems. Neither of these findings appears inconsistent with the courses and students involved. Behaviors. The behaviors component of the MTP prototype assessment was administered at midproject. (Note that this is mid-semester for class B and end-of-semester for other classes.) Students identified whether they believed they achieved proficiency in five behavioral areas: work quality and quantity, supervision needed, effect on team, taking initiative, and selfdevelopment. Figure 5 shows a compilation of percentages of students judging themselves at proficiency by behavior area and class. Due to small sample size in some classes, responses by class are inconclusive. Overall, approximately 80% of students felt they achieved proficiency in the first half of their project. Generally proficiencies were higher for work quantity and quality, level of supervision, and effect on team. Student perceptions of their proficiency appears high and may merit further investigation. 
Intrinsic and Extrinsic Motivations by Class
Intrinsic Extrinsic
Figure 5. Student Self-Judgments of Proficiencies in Five Behaviors at Mid-Project
A second check on the prototype MTP behaviors assessment compares individual student judgments of their own proficiencies to their numerical self-ratings in these behaviors. Figure 6 shows mean behavior scores for students in five classes grouped according to their self-judged proficiency in each behavior. For each of the five behaviors, self-scores are higher for students who considered themselves at proficiency than those who considered themselves not yet proficient. Proficiency for all five behaviors had scores of 3.4 or higher, while not yet proficient was between 2.9 and 3.3 for different behaviors. Behavior scores in individual classes with small numbers of respondents show a wide range of differences between proficiency and not yet proficient, indicating that larger samples and rubric refinement may be needed..
Figure 6. Behavior Self-Ratings of Students as Proficient or Not Yet Proficient in 5 Classes
When students make a self-judgment of proficiency, they are asked to give evidence for their judgment. In many cases, students' written responses did not provide good supporting evidence of their proficient behaviors, nor descriptions of what is needed to become proficient when selfjudged as not yet proficient. One caution from the project Advisory Board is that student self-scoring may be biased to favor oneself. To address this concern, student self-ratings are compared to mean team member ratings of the same student. Figure 7 shows these comparisons for five behaviors assessed at midproject. Averaging ratings for the 101 students for whom teammate ratings are available shows that students do not score themselves above their teammates' scoring; in fact they self-score below their teammates' scoring of them.
Figure 7. Comparison of Student Behavior Self-Ratings and Mean Ratings by Team
Development. Only one 1-semester class used the MTP development assessment in fall 2016. Table 14 shows how students self-rated their development with regard to recognition of a demotivating challenge, actions taken to address it, and learning from the motivational challenge.
In recognition, 42% of students felt they were at the highest level (being able to anticipate demotivation), 42 percent at rapid recognition level, and 17% at slow recognition level. With regard to action, 38% were able to take control of their motivations, 50% attempt to control them, and 12% take no action to address motivation threats. In learning, 42% learned how to overcome existing demotivation, 54% to avoid conditions of demotivation, and 4% simply realize that motivation affects performance. These results suggest that of students who have completed a capstone project, nearly all recognize motivational issues, and most now either anticipate or quickly recognize motivational challenges. This result is not unreasonable for seniors with project experience. Added insight is gained from examining individual student self-ratings for the three factors. Ten students rated themselves 4 (high) in recognition, 6 of whom also rated their actions 4 and their learning 4-all top ratings. This suggests that students who are alert to motivational issues are also ready to deal with these challenges. This combination of responses seems reasonable, which is consistent with instrument validity. At the lower motivational development end, 4 students rated their recognition at level 2, actions equally split between 2 and 3, and learning always 3 or 4. These students, who report being less able to recognize motivational challenges quickly, show moderate to high levels of learning. Again, this seems reasonable since students had the most to learn and probably experienced greater challenges that yielded more learning than the well-prepared students. Again, these results do not cast doubt on instrument validity.
Additional analysis will be done to continue validation as other classes complete assessments.
Conclusions and Next Steps
Measuring students' motivation can raise awareness of motivation's importance, prompt and guide development in motivation, and provide evidence of motivational achievement. Capstone design courses offer a natural semi-authentic professional context for both growing students' motivational capabilities and assessing their achievement in this area. Responding to this opportunity, the authors have engaged stakeholders to define requirements for motivation assessments in capstone courses, developed assessment instruments, and begun an extensive validation process for these instruments.
In this paper, the authors describe two-stages of development for the Motivation in Team Projects (MTP) assessment: concept and prototype. The conceptual MTP assessment is comprised of three components: motivational attitudes assessment, motivational behaviors assessment, and motivational development assessment. This assessment satisfies requirements established by capstone design project stakeholders, including students, faculty and industry representatives. On three occasions, representative stakeholders reviewed the assessment and suggested revisions and research articles to enrich definition of motivation constructs and to support instrument validity for use in capstone design project courses.
The second stage of assessment design yielded a prototype MTP assessment, also with attitudes, behaviors, and development components. The number and distribution of instrument administrations were streamlined to make administration more efficient and adoption more attractive. The number and breadth of attitudes were increased to better fit the range of attitudes affecting students in capstone project. For mid-project behaviors assessment administration, a single-point rubric for formative self-assessment and a 4-point rubric for peer-assessment were prepared. Motivation development assessment was reduced to a single administration at the end of the project. Collectively, the MTP assesses attitudes driving students in project work, behaviors that evidence follow-through of motivations, and development efforts and impacts reflecting internalized values and patterns of thinking.
Components of the MTP prototype assessment are implemented using Qualtrics online survey tools and were administered in six capstone courses. Initial review of attitude and behavior component responses appear to support validity, but additional analysis is required to better understand student responses. Additional class data is available and more will be obtained throughout the 2016-2017 academic year to better represent student responses and better discern patterns in the data. Motivational development responses, collected at the end of projects, have not yet been analyzed.
Subsequent to analysis reported in this paper, additional refinements have been completed on MTP instruments. Each instrument is revised to better reflect attitudes, behaviors, and development activities identified by students in pilot testing responses. In addition, each instrument is formatted into Likert-scale items to aid in quantitative analysis planned for next year's pilot testing. Analysis planned includes:  Small scale testing at additional institutions nationwide to broaden the diversity of students completing assessments and institutional settings.  Item analysis to identify items of greatest value and others needing revision before making the MTP available for wider utilization.  Analysis to determine correlations among responses to attitudes, behaviors, and development components of the assessment.
The MTP, when validated in capstone design courses across the nation, will provide engineering educators tools for improving engineering students' motivations in their capstone design projects and beyond. Assessments of attitude and behaviors conducted in early stages of a project will raise awareness and guide students' motivational changes. As students better recognize motivational challenges that might cause problems, proactively take steps to avoid demotivation, and learn to maintain positive motivations, they will be more productive members of teams and find greater satisfaction in their work. In the end, they will be greater assets to the engineering community and possess attributes greatly valued by the world at large.
Educators and researchers with interest in assessment of motivation in team projects are invited to contact the authors for possible collaboration in MTP development.
